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(57) Abstract: Uniform nitride film and oxynitride film 
are formed by low-temperature and high-speed nitriding, 
not dependent on nitriding time and nitriding temperature of 
nitriding reaction. A solid dielectric is arranged on at least 
one opposing plane of a pair of counter electrodes under a 
pressure of 300 (Torr) or more. A nitrogen gas including an 
oxide of 0.2% or less is introduced between the pair of counter 
electrodes so as to apply a magnetic field, and N2 (2"'* p.s.) or 
N2 {H.I.R.) activated species plasma is obtained. The plasma 
is brought into contact with an object to be processed and the 
nitride film/oxy nitride film is formed on the surface of the 
object to be processed. 
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s.) %^^3i^<D:*c# $:ds^< j'^oT U*oTV^:5, 

r tT/f2:>si- UT. EI 1 0 (b) (D^-<^Uy^i^(Dm^^WM-^^ ^ tK^ ^ 
r^x-^^^vN5/NVvx-7°7X-7fe-e(4. N2 ( 2 -"^ p. s. ) S-O^^N 2 (h. i.r. 
) ;5S^SB6^}c:«SiJ $ tb. N 2 ^ N 2 + fa A. if MS!) ^ ^''^ 

miO (a) ORF::^7X-^fe}^ J;5H e /NzI^^X-r^^i. 1310 (b 

^ — ^mK^m^ti^mi 0 (a) ©MiE:^"^. (X^^^ X-^?* t % v^ 5 

) TM4. b?fc^*:7°^XWfcN 2 (1"* p.s.) ;6S^iBfi<jfc|iiliJ $ tt, EI 1 0 

(b) i^^X-^^-efi, m^VfcMmy 9 K'N 2 ( 2 p.s.) JtO? 

N2 (H.I.R.) 7i^-^mmKmw]-^ti^?>o ^ti\c3:V)^ mmryx-ro^^fs^ 

mXh^N 2 ( 2 "-^ p. s. ) RXf'N 2 (H.I.R.) ^ # 5 fc fc f4 . R F 7° ^ X ^ 

in 1 1 tt. ^^teJ^^i^' h/K©*5^^I5£0Ji-5|2I-efe!9^ ^*^-7-CD xKt" 31 
(eV) mxh^o 

mmm^mt ut. N2 (i°' p. s.) , N2 (2-^ p.s.) ^tj^Ng (h. i.r. 
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) ■s^mm^fix^^^ii^. ^n^^om^'^mu. mi i ^n^K^ir ^ ^ vh^o 

m^-i. N2 (1^* p. s.) '^^(DB CRzf y X^m, R F 7 X-^?^T'F4 

^(DNi ( 1 P.s.) ^^^:/7X-7 i: UT^J^^ t-K^ U-CV^5„ ^thi^MV 

s.) , N2 (H.I.R.) -efe!?, iCDNg (2'"' p.s.) , N2 (H.I.R.) ^m. 

4 ^^^-^ 2 + <Dikmj^:hm^'\i^mi^x\^^ o i£tt{4^^3iJ^ (k c p s) , 
{4^miBE;^» (To r r ) Xh \) . ikmmm^ <D /U :^ mUW(. 1 0 k H ? , Mm^"^ 

:^m* 1 . 5 liter/ m i n (D 0k^x^mmts MM ^ "^ft^m^ (omumx ^ ^ o 

mi2rp, a. «^*-f :^ 2 "^^ b. tiNg ( 1 ^* p. s. ) . c. (4 N 2 ( 2 
p.s.) . d . ftNa (H.I.R.) (D ^%^k&(D mil ^ X \^ ^ . 

<±ffioNa (1" p.s.) s.t>'N2 (2-'' p.s.) (Dm.^y^ M^m 

ttai'^Na (H.I.R.) (D^^X9X•^{4|§^U7fcV^, 

.^JSEE:t/ ^ii;!3n $ *TV^ < N2 ( 1 p. s. ) :S:tK^^-f :^ 2 JillfM b 
XV^^. ^*jE;^7 500 (Torr) iSi? T^p|#0^^gS^ ( k c p s ) ttH^HJ 

X^^£<ti:^. N2 (2"" p.s.) tt^*JE;b ^Ji^P $ -arT (k 

c p s ) i-a^^ ^>fb*i" . ^^ffi;0400 (t o r r ) m \) t VXMWK^ 
( k c p s ) 3S < tj:^o 

X^^^:i£V^{gffiTTM4. UT V^ Jfe o fc N 2 (H.I.R.) }4 , Mm 

ffi;^^fi^IB^*TV^ < t . iliiiUTV^t> ±^m7&m(DmmBtl 5 0 0 (Tor 
r) 3£7a-e{4|g^-r5^^X^X-^tt#if:^ft/^)54't±^^?g-f4a-efe5N2 (H. 
I .-R.) RrlN 2 ( 2 p. s. ) 5 „ IH 1 0 b i 5 ^ ^^ffi;^ 3 

00 (Torr)ia?PT?N2 (1^'p. s.) z (H.I.R.) (Dm^-At^M^V 
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X-^^TM4. ffijEET-C'^^-rS N 2 ( 1 P- s. ) ^ ^ X-^ i U T ^ V^ ti/ 

/v;^ :/7X-^^-e{4. ±n,)±T&^(DmmBtl 300 (Torr) $bfc(±500 
(T o r r ) 5£S-t?^SB6*ji^^5N2 (H. I .R.) RIJ^N 2 ( 2 p. s. ) tr^f^ 

VXmmi- ^mx^h ^ . mis (a) }±RF7°7X-x'3fetc:j;5He/'N2:^7X 
^lfl&3fe©ffi;t»fe#ttlEr. SI 3 (b) tt^-?;v;^7°^ X-^^feJci i S N 2 X-^^l 

^<DjE;b^fe#ti^*-t-o mis (b) tm 1 2 itm—omx^^o 

mis (a) i:i:iX\-±Ue) ^ffiVNT{Sl±T^'^*7°7 

^-arSRFT'yX-^^tciSHe/'Nz^T'^X-^^^-efeSo IMl 3 ,(a) 
■rx^K. H e /N 2 "^9 X-^^3fe}- .J: «5 X-=?}4, mMmt3± 

m\^i^tc<^X-N 2 ( 1 p.s.) U.' ^l^^ttSTjS^tfi^ti^-^^ 5 N 

2 ( 2 p. s. ) R N 2 ( H . I . R . ) ^ 7 X -7 (i^^ if V^ o ?i g -f- t 1^: 

, H e / N2:^7X•^-e^^:;^^idE^c:iav^iE;^JT-e^-pT^J R F:^7X-^-^^^S 
PSi5, N2 (1^*P. s.) ds^iB6<J(n^^-t-S ^ 

EI 1 3 (b) tit.m-r^i-£mh^^^j:x^ :^mm<Di^^m7S:m(DmtiTxn 

^ :X'^mxi-i. :kn.mj5:m<Dmmi±ti 3 00 (Torr) ^ 5 

0 0 (Torr) j&mX . N z (H. I .R.) ^t>'N2 ( 2 p. s. ) ^^m&Otti: 

§ J; 5 Km^^'^^ tt^x% 

h;&-^©^7X-^^^ (la 3 —121 7 #M) tcJ:!9. fcSfeP^fM^ b tH Ufc 

ifem^j^fi. y ^- h 15^^(0 7° 9 x-?m^ (ms-iiiio) j: 9 ^3^$ tb§ ^> 

m^X^m'^^i'SS! 2 ( 2 p. s. ) :5.t>*N2 (H. I . R. ) ^^^r/^XW t UT^ 

^'^^i|gx^4^'^k^o?l^^{c^v^s ;i i ti-So 'fc*^, N2 (2"<' p.s.) *s 
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J^<^?i?^^CMV^§ ^ t ^jlTli-efeSo J; I? bVNtl^ i UT. 500 (Tor 

(H. I . R.) :jlt>'N2 (2 '"» p. s.) ^^^$1tSo 

500 (Torr) ± (D IE :;b T « , •7°7 iJ^^T^ — e> ^ CD:fgSI:dS^ 

m.m-< ^VN2 + {-J;S7°7X-rir^-^^}4. ^*J±;'J (To r r) h 
OPf^T-m 1 4 {C^ Ufc J; 5 f-. M^JE;b 5 0 0 (Torr) T^^^-T N 2 
+ < jfe S t 7° 7 X-^ ^ - <©liM<^miC:d^ % . 500 

(Torr) £Jl_h©JE;^T-e, y ^- hMXtti?'-!' iJ' Ml /^V^ ^ ^ X S 
^^^ffib. ^IB6^J(^m?Ii-S N 2 (H. I.R.) S.r)^VX«N2 (2"'' p. s. ) 

. HI 1 5 ( a ) }*^<^#4mS. HI 1 5 ( b ) tt-^c^DfSHlT'&So 

i-5 iUT^^fi (M^f^l p pmJi^T) (^O gX^Tk (H 2 O) 

(^J^{±* 1 P P m) J; 19 0 . 2 %£;T<Z5 O 2Xtt7jc (H2O) % U< « 
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5^g-efe^). M\^mKm:ihm^\^b /w t'-^-k^^v^mi^mmw 21a, 2 2 a 

^ tbfc-Mo^jz^f ip^^^mms 2 1 , 2 2 i , MiBi-t-5:^«mtl 2 1 , 22 

^■f-5^^:^f:^#t5^^ 2 4 RJt^m^X h ?> ^ ^ 2 6 t , #^^fT5 

■7° 2 7 ^«X.Tlt^$ tv5)o *fc. 2 5 l*Jfe«mtl 2 1 , 2 2 ThT ^ ^ U fc :/ 

7X-^T'&i5. ®f>, Mnmm2i, 2 2m(Dmum(D±:^^y)mm^u (uu 

yXW-fb^tbT. ffi*^ra<^T;^ J; >5 *5C«SS 2 1 , 2 2 CDT>^fcfRi:^^o T5^:# ffl 

^:h/2>c ^<Dm^itmf^)^mU2 0 (D^it^Ul-i. 9^ ^ V/^ 2 6 fc^S ^ tuTVN 
5, 12115 (b) fc*3VNT. ^« 3 0 }c^M-fti|^Sr?]^^i-S {Slfefco 

v/'^^ 2 6 F*g^^?g*'':?i-e/^'-'::;^ U, -gajx-i^ 5 o o t o r r K^-oxmii:.mm 

mMSOlt^ i/^ 3 1 ^ cn/N b 3 1 3 2 

;fe4o, 3i^N hw-r 3 i<Di^t>y} \<immm,m. 21, 22^^ 

® Ufc^ K{aiJ^#«J-r5«^T?^5 J; V^o #»«^3 2tUT. «gi^-</V 

;iS¥rti 5 o ^ {s: h ix^ 3 1 i^Htm^ 3 0 ^ilPf^f 5 i6 ©iPf^^^ 

tt, 5 0 °C4S;_h;5S0^ I, < ^ j; >9 0* L- < « 1 0 0 "CfiiJh/SS^f * Uvn^ ^kd J: 5 

3 0 (Dmmiziik^ mv. mm 2 3 i-iMMmm 21, 22 ^^nw;^ 
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il^c^«#^PP*P UT^m:^f :^ ^ ^^^X-^^k UT^^J^ 3 0 ©^ffi fc?^^ mi"% (^-e 

i:7feS300~1000Torr (m 3 . 999X10'*~13. 33X10*P 

a) CDffi;^)-efeV3, 4»t4?gt4®-e feSNs (2"<*p. s.) RXllS^ 2 (H.I. 

R.) 35S^ia6!j i »3 (lai 2#fig) . :^>'N2+«i- J: 5 

y^'-v'>&Sf^<:^;g,500Torr (^ 6. 665X10^Pa) (DU±<0&tl 

800Torri^^T*5$f*UV^„ 

tb-CV^T%iV^„ S^K3 0ro?a^(±, - ^ 6<J ^« (D ^ - . fifel^5tS. 

UN 2 (H. I . R.) S:T>'/Xf4N2 ( 2 p. s. ) © ^>fk ^ K i o T 

5 0 0 °C Sr^>ffl bfco 

*^0JC»K^'fb)^<^?1^^?c:*5tt t UTfi. Mm:^:^ 9 9. 9 9 9 8 

~9 9. 9 9 9 9 %(Dig^^^^#;^ ^mP^-f-^o (D i^i . ±12 

:2^*5i?F^tg<^^*'fbJ^(^JI^^!fe;^^». 5 0 0 T o r r m±(^* 
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6 i^fcijo 5^^-f[iJii?f^j^^g 2 0 (D^^\-c\%yfm.m i bXcOTfc (H2 o 
) •b^ikW.xm>hX'mii-^\c (^J;t{i\ mmTor r) ^*;^bS^J:^fe5„ 

?i^^<^fci6(D;^^e:^^H2 O^O 2«^Wa^mf4^^-efeS„ ^.^-t ^ i 3 , ±|B 

5 - t a x h ffi is: o >0S 

'^mn.m 21. 22 ft, m, T^^^-t> ;^ x >- 1^;?^ . * 

h9:7yV;^t3rc^^>', d^yj:^l/>"rU'7<J'l^— h^(©7'7J7^^>y:^', mxt) 

A 1 N, ^^bS^S i 3N4. M-fb*: li^mB N^-efe 5 o $ f4 

0. Ol~4mm@S5jS0^L.VNo 2 1a, 2 2 a ^b^m*;6S 2 

(2 5°C^*T. J^^^TIHC) T^feS n t UVN, ^i't, -t^^s^^;^^ 

5 r t % BTtg-t?fe§„ ia#:M«#:2 la, 2 2 a i LT^-fbT^V 

5 A 1 N LfCo 
^5:S®®2 1, 2 2^fct±, 2 3 fci^MM^ iJ' o j!S ^ -S 35 ?^ 
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H^^siEEf*. M;tf^Ei 1 6 (a) \z^-r X ^ :^m&±ib ±i)^ ^ mm. ±-hr ^ 
mmt^^ 10ms sxt^ b < ft 1 /X s sxTx^ m^mMy^)^ io~ioookv 

y cmUm. ^?*b<f4 50~1000kV/cm, mUWc:^^ 0 . 5kHz~l 
MH z . mi^mm 0 . 5 ~ 2 0 0 M s , :fymm 0. 5~1000i«s, 

<(4o. 5~5 0 0 |^ s<^-1'v/^v^^M:^5^*uv^o m^t^t^m^-t?>^mT&m. 
tiiss.<DmBM^iu^ti^mmmmmiio. i — smm. u< f4;^mo*s— 

S!cO#^0. 5~2mm. m@ ^ B^: # fctj b tem^^ fc 5 :/ ^ X-^ 

5 y h gUcD:^^ 0 . 1 ~ 2 mm:6S^?5i-T?fc5„ ^ fc. m^^SltlO 

~5 0 0 OmA/cm^, $?^U<}±5 0~5 0 OmA/cm^-efeSe -'^Vl';^^!^ 

j^i93gb-e&5% (75 ^ ^ if fc ^ IEX{4AOV^-f ;h>:d^©tltt{|iJ}Ji«E^ppSO-r S 
J; v^o 

mx <nt>ti^. (O±.'h±.1)^'om^if>\ 0 O n s ^^^S t 

- rJ' {c:#fT L-^-f- <:^^^?fc%®i:J^jJ!?. ^NV^>^«flEfc J; 5 iS^S :/ 9 X 

■^^^■^^^mm.\^^uwii)^^ ^ miie^fcf4 4 o n s *?i<0 3i-fe±^s 13 ^i^© 

i)^ t? i 1 0 0 Ai s JJATT-fe 5 ^ ^ b < . *^JfeJl^^T*^^ bfc 
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/V;^ ^ffi V^T^li^^To T ^) J; VN,, /-^JV ^'■)^(Dmm(Dm^Wi\-±. 0. 5kHz~ 
1 MH z 5 ;i i UV^o 0. 5 k H z *^-e&5 :^7X-^Sa;0SfgV^ 

1^}fo^mKWW\i}^f}-^ii^y) -t^ . 1 MH z $rM;t S i: > 5 0 0 T o r r x. 5 1^ 

ffi;^T<^*s:«-eri. mm^iiox\i. mi^m<DnAmt} hKmn 

TV^5 1 3. 5 6MHz, ^S^fi^fc-^^^ttTVNS 5 0 OMHz fcV^of^:i«^^g^ 

^-e-fc nJIMT^feSo i (oS-^tto !9 ^ §^^&t4&#*.i-5 ii . 5 0 OM 

5 ^ t UV>(D 0. 5 n s ^m^'h^ tMmfi^^^^^i:^(D tti:^^ ^ 2 
0 0 M s SrjSx-S t r >-i^iS:St3:#=fT U^-r <^?>o J:i9^*U<f4.3Ms~ 
200iiis-efc5o rrt?, 1 -o(Dy<;UP.(Dmi^Wm ttt. m 1 6 fpK t t VX 
^VXh^ii^. ON. O F F<Di|^t95gU^^e>'S:'5^-?/vxmffils:43tt5> ✓nVv:^*^ 

'' HI 1 6 }e:^$ti.5/NW;^iK(Z5;^mmiEO;«C# $ t4 Ml:^ ^6 5 ;5S ^ 
^}j:*5VN-r {4. 1;®^<:0®#5SS;JS 1 0~1 0 0 0 k V X c m k ^ ?>mm\^^M 
U-C*5i?, ^f^U<«2 0~3 00kV/'cmT?fc5o ^ IE ffl {c: ^^-f 5 CD {4 
. m^^M&t^ 1 0 k V / c mT^ilT-fe 5 t ^ a {c: B# ^ d> t9 i" #\ 1 0 0 0 k 

[s i un] 
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J; v^ ^ i: 5 ^ -e t Jfev^o 

:^mm^M<DmMihmM^mw: 2 0 tuiBm 1 2 ©^^^^irjc^i- j; 5 fc± 

n.JEj&m<DM^m:^ 5 0 0 (T o r r ) SX±X^m&ir ^ 2 (H. I . R.) S:T>'N 

y^-h^T-j4. mi 5K^ir ^ ^ KMmir^ikmmm2 1 , 2 2mx^^^ 

5 Ki^x-mm^^^o 

UT^s . ;^«^^(0^{::@B»$ tbfci/ y =« v .i. i;: [r] it T B^c # # 5 

^ tbtc-^Rm / :^ (?fe*5, 121 1 5 (b) (cijsvNTJI:. IS * U ) , IHWiR 

<^ia#:Mm#:i?fe5jK^s-os;/^i < , ±mmmtmm^^btixv^tii-£^m^xhib^t. 

*3 Jfe V^ „ 

^^•T?iS:iL.fc:7°9X-^^e/y =Ii/^>rcx^tl^^ct#^tS^^}4s iyy=t:/i>:c^N 

xh^o ^mm&uo->v=^^^t7:^y^mi^^^4ry^mMir^^thx^ 
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ff^^t-S ^Mfcinx-T. 015 (b) (D^^ 2 6 K7r:-f-^ ^ i^mx.U^ (Dm 

%:^f XT^^ }f <Dm^t^'^^ ^ -rmm ■^■^.i:^^-^ if :^ % < . ^15 

( b ) xi-±:ff ^'m'^^ 2 4t)^ hnum(Dm ^ (o^^^ >y<2 e ^^Ki^mm^^^i- 

5 % <D t? {4 o 
T Ife -f- 5 „ 

mi 5 i^^-t ^ 0 i^. M\^ir?>nmMm 21, 22 mK^^:^^'^^ 2 4^^bm. 

m:ff:^Mm9 9. 9998~99. 9999 % (DmmM^m:ff t^^^i^ ^ ti. A 
1 N;d^e>jfe5@Sil«#:2 1 a . 2 2 a J; t) ^ ^^:fe;fe®m® 2 1 2 2 

icmU 2 3 fe^^V^;^i|^(DmJE.;$spp;fJP $ n — Jfe « ^ 7 X ^ ^ MM 

«ti2i, 2 2mi^mA^thfcmm:ff:^i-iy'9x-r^t^tixM:nmm2i, 22 

T::^<^:«f^i*ttl P/5^?jiy y =i >J7 3 0 O ^® fc B^: # tii $ ti/ S » 

:/^X-v>fti$ tb;fe^^:^f ti:mM«4-X?ffi;^j 300 (Torr) . #{c:f4 5 

00 (Torr) &.±xm±^^N 2 (2"^ p.s.) RXfN 2 (H. I.R.) ;OS^iB 
^fj:^^mmmXh^o i<©N2 (2"" p. s. ) StJ^'Ng (H.I.R.) ii^liBS^ 

m:^:^KmWiA^^ti^ o 2^:^^^^ (HgO) ^ * jfef 5 J: o t :x y 3 

rn^N 3 0 ©»«3gw{c:^«/fe v- y =t ^'^^'fbi^^^i^^^Sc-r-So :i(Dmm<tmi-i 

. #az6t-S J: 5 fcffi^pHTe^M-ftip^s^T B/fMcoMff (^!l^fi\ 1. 6 n m) 
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[^IS^ll 1 ] 

tlria«^©^^'fbl^?f^^^» 2 0 UTs mtl^ 5 0 0 T o r r . ^*;5f 

:^^fS4^ 1 0 liter/m i n. ^MMm^ 3. 3 6kV./^W;^ji^a^^3 0kH 
z . ^'fbBtrHl^ 3 0 s e c ~ 1 0 m i n . MibU^^ mm.^ 5 0 0 °C ^ ^M^^ 

trp-type (111) Sit i^xmm^n-otco ^^-(bJ^?j^^^m 2 

OOj5:««ffi2 1, 2 2 ©ilBL {4 2 0 mm, |Sc®®m 2 1 , 2 2 © 5^ 1^ 

©i^^ttl 5mm, 2 1. 2 2 m<DmM^ 1mm. McMmm. 2 1, 2 2 

x^^^muu(D^m^mMm'^t^Mi2x\^ ^ ■h(DKh-^xi-^^<Di^U) b^asi 

^^*-^?©Sgg|f4 5mmiUfe„ # O Hf^M:^ ^ T t ^ 9^ -f -5 „ 

(H. I . R.) :d^^m&} t ts: ^ i-im h t^x i-^ti:\,^ mWi^n(Dmmm^xm 
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mm2 0 cD=s^^^t}-*3v^T. mmmm 21, 2 2 (D^k^ mi^a fi^ h^m^WL^ 

X(Dmm^ 5mm. (7>JfE» ^ 2 ~ 1 0 liter/ m i n Ufc, Vfct^<^X 

:^mmmi^. ±m]) hm<Dmmitmj^^mm2 0 ^mmvx . ±m.mj&m 

(D 5 0 0 T o X I Sl±<D^\,^mt}TX Q 9 . 9 9 9 8 ~ 9 9. 9 9 9 9 %©]^^ 

:^iz.mmM^^^^yfmm t i^x (Dm^tm^mm utvn^ ^^^^ ^le^ t 
x^xomihm^mmir^-mmxh^xh. ^mitmm^^U2 o gA-c^^iirn 

I2ii7f4, s i ^^t^^-fb^f^^^eg-rs »? . mi? (a) nmrn-^y 

X-^MWIff® S i ^ia(DiS5i®^MllIi/f^^^UTVN5, IH l 7 (a 

mi? (b) — 2 6 I^SriSK^fc#^ U;rc#{c:#S<Z)^ 
^:;^7"::<&?gAUT5^^^-^-^~2 6|^^^n°-v^Ut^^V/-^^2 6i^cDjE;;^lifttrtT5 
(ci^yt , ^-t i^^^ 2 6 ^i^X^fc:^^^ Ufc#o^5^:>r;^ Sr*At-^M<^> W 
JEE9X10-i°To r rfc43lt5^i'^^-^26 tf" O ^ W ^ <^ "t? 

feSo ^(OJ^^, 017 (b) fc^-f-j; 5 fc> ^mitmmi^mw:2 o /ssf^g^tv 

59=-^i//^^26't'jCfi, 02^S4. 99X10-8 (Pa) irf£^i^3 . 74X1 
0-^°Torr. HaO^J^sxiO-^ (Pa) ffe^^-feS. 75xlO-i°To 
r r fH/fm^ L.TV^5„ 
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mmihrnM^mm 2 0 ut. i^n&7S:m<D 5 0 0 t o r r £^±cDisv^ffi 
tif-vmrnrnt vxmwm (m:k.\ti p p m^r) 00 2Xf±7fc (H20) % u< 

< r i ?fc < , #ti|^i-5:i7^x 10 0 % ^ ^ 5 ^-fb 

HI 1 8 . *lliiM©ISfiiS.a^::ib-&ic J: p s i &mi^m^h&m 3 5 o °c, m^h 

mm 1 Cm i n<D^m^¥Fx^m^-^ify^ttzmi\:.m(Dxm^m'f-6b-t/t (xp s) 
^^^^•rmxh^o (a. u. ) , ^^^^-^=^^^1-^- ( 

eV) ^i:oTVN5„ 018 (a) iSiSicDi-n— /i^mi^'^^^ . M 1 
8 (b) i-±N <Di- u h /^mim^^^^n^th^-Tc 

mis ic^-rx P SS!l5£Sfe:^{±s mm&^^:ff :^ ( 9 9. 9 9 9 8 %) ^mM 

m-ff 4 -^mvxmihm (H20, 02)^ippb£-^Ti \^f^m^(om. 

nm^^^if ( 9 9. 9 9 9 8 %) ^(Dm^\:>U (H2O, O2) trlppb^;^ 
T\^-t^ ^ tKSioX ^ mis (a) K^-t ^ j|§-a-^^/V^'-10 2 (e 
V) 52 13 S i -N^^^H® t°-^>5S^^, ::©^t:*>6>S i 3 N 4 ^ -fb 1« 

J: D l^^fflT^^^lf fc: j; ff^^ ^ tifcg^bj^tt. m.ihm ( s i 3 N 3 . 5 o 0 . 7 ) 
5 :i ;dsi|£pj Lfco 

-^-^m^TT^-rmxh^ s mi 9 (a) \±s i (D-rn—:^^-^-^ h j^M'^i^^^ . 

019 (b) {iN<D■:^B-^^^J^ ^/^^ay^^:i:^;etb•?:^^:^■t•o xm%m'^'^% 
Ki.y)m^Vt^h<DXm^K\^'-^^&. ^#}c*t^^^w>^- (eV) Sri:-5 
o 0 1 9 f::*5VNT. Ufe t:° - ^ ftHcD 5 -fe^ fH ^ - ^ SM^s^ UT v^ 

StP^tt, S^-iyi^ 6.J|[l{;::Ti^:v^ < if\ ^ S i K« 

m (H2 O, O 2) ^s^«6^^^:?fcv^ (m>fb?!i;$5 ippbi^;^TT?fe;5)c^-e, SiO 
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2 icmm-r^ — ^ ^±^tv/^v^„ i^tc, mi q ( b ) ib^hm^ ;?>=»'fe j: 5 }c s i - 
T E Bj -r 5 c 

ia2 0«, *^Ji©?^M(D^gJtU?5^&fc j; «3 , ^>fk?i.^Sr. (RT) , 

350t:, 500°Cl?m'fcfe*T. ^-fli^ra 1 0 m i n <D ^m^WXM^^ tltc 

1212 Jl&m 1 0 k H z (D«iBE^SlAD U/c^^fftia^-ftMO^fi ( M F / 

cm2) -gIiJO«J£ (V) OS'J^^:^-efe5„ 

mmKm^titcc-vwi^miM(D J: ^ iz.^ m^hum^K b. (rt) , c 

. SSO'C, d. 5 0 Ot:i:^oTVNT%. ^^-rticom^^. a. ffil^ft^ (Id 
eal curve) fc^bX. ^^{[tb. ~d. , a^ft^a. fp^ o /c t'V^ X # '|4 

1112 1 mtmcOV '-i5^ffi*#tt(COVNTcDltK^-efe5o 

02 l{C^$tbTVN5i5(c:, ^-fb^fiit^iS^S (RT) , 350 °C, 500 °C 

X-x'^ (AP Plasma) KX<>X^m^int^mm 1 . 8 n m(0 ^ >fb {4 , {SffC VD 
Sfe (LPCVD) {dj;!? ^fifeUfeMff 3 . 0 nm (D^mM^bm ( S i 3N4) 
9e^;*7 7k:«f i/^ffiVNifeR F (RF Plasma) j; ^) UfcHJ? 2 . 1 n 

mCDiS^M-fti^ (SiN) a;it«^bT^>. ^©JliJ¥;OS^V^^c: % fe-f , y — 

j^T y mmomw^mi^xmmvtcv^, 

V -iirmm<ommmmt vxmif ^ti^ v - ^ mm^Mi-i. (DP.ooi-Prenkei 
Mciamm. (2)-> ^ -y h ^-wcmmm. (3)f - n h :y:^^jumm. u)mi^ h i^^^v 
mmt^^ h fix ^ ,:^^mm h i-immm b mm^ ^i)^ (4.)um h ^^^^^i^mmi^ 
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/VS^t*. Wentzel-Kramers-BrillouinS^-^'ififJii $ tb, W^K*m * (5D ;^iq ^U4) 
H 2 3 :*:^JfeM©^gSt;?:}^£fe}:: i 19 , ±%^T5:m<Dmt} 5 0 0 T o r r 

^-fk^^^ds 3 5 0 °c, mtm^i i n(D^m:^\'¥'Qmm.^i\.f^mm.i . 

S nvcv(Dm.ihm:<Dmwmm (V) -y-^.m^ (A/cm2) (DWi^m^^Tf^V 
fcHI-e^So -CO^-a-'b. :*:^EEaa#(D 500Torri;$ b ffiig^ 1? 5 
}C % & T . (Experimental Curve) {4, © Wentzel-Kramers-Br 

illouiii5S:T?9fi'fJ5( $ tbfc v' 5 ^ Ix— ^ {jt (simulated Curve) iC }^ — -f" 5 „ ^ 

i ^? s i t'KmMKmmx^ ^ r i . t^e^fe J; y) hmur<D±M,&TX(Dm 

cDr'V^V ^#ffi;^s:gg5^(^^.f(^J^}^{^;^^v^. X =e§ ^ o ^-fb M « jg^ T' # vn J: 

^ :^^mm^^mx^^ . ^24 (a) \tm.i\:,mm (nm) ©^-fb^ajt ro ^ 

El 2 4 ( b ) \-im.ihmm. (n m) (^^-fb^^ (m i n) ik^^^fl^fhf^ 

•to 

IK 2 4 ( a ) fc^-f- J: 5 ^ft^^ 1 0 m i n CD^# T-^-fb?a^ ^ 2 5 "C . 
3 0 0 °C. 5 0 0 °C t 3 oTiaSiJ Lfc„ -^-c^/^^. ^HSiJ^S^ jo T ^-fb 

# L ?fc VN r i $9 ae, fj- o 
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*fc, HI 2 4 ( b ) ^ 5 tc, mihUM 3 5 0 °c<D^wvm^t^m^ o . 

5min, 3min. lOmintS;^^ ^XMBlVtCo ^(DM^. ^mmmm 

2 (H.I.R.) ©v^m;^s^'f[iMcD^^{^:^#LTV^5;5^*#it ^^-f-SH 

2 6 j; !9 iJiP^t-^o 

HI 2 5 it. ^-ffctafttr 3 5 0 ^-fliNp^^ 1 0 m i n -e, mmHf ^<Dmtl t: 

5o~7ooTorr T'^-fb ^ j^-a- o . m^hm<Dmm ~ mti rxj^'^^ 

iH 2 5 (3:;^-r j; 4 0 0~7 0 0Tor r(DJEE:;b$5iafC*3VN-r, ^-fbl^O 

j^J?}* 1 . 6 nm t —MiW.^^ 5 0~40 0Torr<^ffi::^f5|Sli^l:|oV^Tff 

tt^ffiSNg (2"" p.s.) (Dm^mmiom^tt—mvxisy), ^i^m^m^z ( 
2 p. s. ) ■A^i^m^T&mi^^^i-f ^^itRjtsK^^vxv^ ^ t t^mmvtc, 

Xoxmm-r^ :i tic^ox. ^^ir^m^[:.m(Dmm^MmmKmmx^?> :l t 

9gUfcJ:5fc^ M'ft;?i.^;^s^?i. (RT) , 3 5 0 °C, 5 0 0 °C t^oX ^ <D 
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x^-hm.mvit^^K^ ppMmm- V -i^^mmw^i (i-v##) itmihm.m(Dm 

o 

— ij. 1327, ia28{*, JilS 5 0 0 T o r r <omt}. 3 5 0 O ^ >fk ii. ^ 

X •7°^X^-^fe};ij; § ^E-7°7 X-^?^ (AP Plasma) bRF^^X^m (RF Plasma 

) bxMiti^x^'Ltcmxh^ o 5^*3, m27bm28bit. ^^(Dm'fh\^m(D 

1112 7. Hf 2 8 fc*3VNT, m!£^9:^-^mbRF':^9:^^mbii. ^(Dm^ftm 

mKx oxm 1 n mommmm^^ih0m(DmihK ^ y) mn'^^mxh^ t^. 

\^^W't^B0-<D^^tiz:Ml^XM.i^KtstoX\f^^-h(D<D, ^(D^^htiO . l m i 
n:A^ ^ 1 0 m i n <D}^mi^mf^^(DX. \^MMX ^ ^S) i> (DX h ^ o ^UT. 

U^;^)So-C. 12127. SI 2 8 }J:^$tT/TVN5 J; 5 {31. R F 7°'7X-^&{C^ LT 
, ^JET'^X-^^fi, D^^:^f ©E:;^. ^ 'fb 1^ -e o T . X ^ 

^{c. 1212 9(4. ^-fkJU^lKJlirSl^^a^i: SE7°yX-r^ (AP P 

lasma) iRF:7°7X-rfefe (RF Plasma. ) b ^ M it l^X ^ Vtc (D X h ^ o 
mz 9 -efi. ^E:7^^X-r^-ef4. JilE 5 0 0 T o r r (D&±i, S-ffcB^W 1 0 
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min(D^M^#T% ^MM^CO^a^ im^^M.^) ^ R T - 5 0 0 °C iS T'^ 

mts IXlO-^Torr 0£E;b, Mit^m 6 0 m i rKOmm^WX. mU 
1213 0 {;^:J3VNT. RF7°^X-^^-fbJ^?^^^g5 0 . HJS^ 5 1 }C , MM 

at^t vx(D^m5 2 ^^mm^^^ ^y'-i^ 5 3 r Fi^jg&^ispp^jp^tb^A 

t o T v^ 5 „ 

.HIS 1 ^OJ; 5 f-«^^^^fcR F 7°7X-^^>fbJji?]^^^g 5 0 i , J:|B^ 

m\.tr^^mm<Dm.i\:,mm^mm^ii ^ . ^^mmt \^x(D&m (p - t y p e ( 
111) Si) Km.m.~ 5 0 o''c<Dm'^<Dm.^\:,m.mm.mxmi\:sm^'m}^^ ^m-h 
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PCT/JP2005/006412 



MiMwm (xps) x-m^ti^x^iz.^ -Km&mmA'':^^mm&:^^:^y ^ /^-^ 
— ^mvxm^'t^ r h -e^^kM (H20, 02) ^ 1 p p h uTKv. Mihrns 
i 3N3. 5O0. vt^j^^^thtco ^tc, mm^fitc s i -N <Dm^i-im^bm<Dm 

^-fbiafiltJi^fe^^-f . :*^o^^b^ff 1 ~ 2 n mT-IS^n vrntifi^T-t ^ (OXi& 
*fc, 1. 6 n m(D^±7^^^-fbjR;0Sji^;^-e^ , ^-fbJ^J^ -0^ 1 . 6nm 

-^i! «\ 7° n -fe ;^ ^ ^ij fp -e t S ^ i: 5?)^ ?j M IS HI 2 4- (D fc^l'J ^ 5/ ci' 

{^Zr02, HfOa) i^m^N - ^"T ^ ^ t t^-^m t ti: ^ ^ *fc. 

Ga. In, A 1 Jfcif ^-^tpj5fe^:^f;^ t-^fc:2^^^:7'7X-=?tr^oT. miB0 

2 '^(D:^my''^ y 1^ K^-rx ^ m.ibm^mi^m m^UG aN, inN, a 
immm 2 ] 

HI 3 2 Sffi«^(c:^A$ tbS^*#x lOslmiH^U, 

tli-i. 500Torr{::5fe5j;5^^:^ ^ PSS b fc „ 
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ms 2<Dc- Ym\±mmi<i^^ x^k. nmm(o]<i c - v#tt*a a 

<^ii*nfcjiS CT, c-v#^SEfeiib. ~e. fc^-t-J;5fc> #ttfta©fc:^xy 

:^ — (D m -^^ <0 4-- ^ < 5 r t yi^ m mi^tc. 

1213 3 mm:ff:^i^M-r^mm^^:^<Dmi^Mtm3 2 fc^UfcC-V 
#t4ftM(Ot:;^xy e/;^ #tt :7 ^ h > K :7 h ( 7 ^ 5^ h K«jE :7 

Kix:^ h mm-ff:^ fcifa i A/ li^*';^ >6S^*P LTV^;fe V^^5^^*p»;$s 0-2 
2 s c cm^^xSt. C-V#f4ft^CQl:X7"yi/X#'|40:77y l^^^^-Ki^ 

>dS^*P UTV^/^V^^^^^Pi;$S 0 ~ 2 s c c m © ■^l ^ 1? {4 . C-V#'t4ft^ 
© t y ^>x*Mf4ii± Ufc^^iiT^ISIq UTV^5 M^'^AP*;^^ 2 ~ 3 . 5 s 

TV^7^£V^, fc: tr 5 . 5 s c c mm:(jp Ufot^^^js^f ^ L < , 

M ^ thx ^ ^ ^i^j^ ^ b Ti^mm i^fco 

«JBE (mmmm) b v -i!^nmb<Dmm^^vfcmxh^. 
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0 2<^BMMt^5. 5 s c c mCQB#{C# ;h/:^c^^'(bJ»(3D|a^fi, X F S h 
S i 3N 1. 2 O4. 3 tfY^^^tio 

7 x-r ;^^-e®iiij V fc^iS -7° 7X-^^)fe<Dx-<^ f /x^^m^i^^^ ^ u fc 111 -e 5. o 
|113 6i±, #A^t^'5^^;&'J^{c:^i^pif;:^^ 1 . 5 s c c mt£i-fmM l^tcm^ 

I1I35, ElSe^i'b. ( a . u . ) Sr. ^li;^^^^:^ ( n m ) ^ 

^tt-€~tb^U. N2 (2"<'p.s.) 7!)^Xm^i^mm^ tl^m^ 3 0 0 4 0 0 nm 
3fi^<^&:S: 2 0 0 ~ 3 5 0 (nm) |F|5^ ^^i^ b T Vn 5 , 

ig 3 5 Kmvtumm:^:^ Sr^SA U'feV^^-a■f4^ 3 0 0 ~ 3 5 0 

(nm) :7°.9X-7'fb$ttfc^ig:^f;^N2 (2"''p.s.) ;is^ia6^fc^^|ij $ 

tT/TV^So rti/fcMU, llI3 6fc^uyt^^:^7';^ic:Mi^:^f^trl. SsccmM 

|^S 3 0 0 ~ 3 5 0 (nm) ^^fc:, 9 X ^ tltcmm :ff N 2 ( 2 p. s. ) 

Ufc^'a■a^ IS* 2 0 0 ~ 3 0 0 n m^:J>{^. ^^:^7';^ tm^:*';^ ^^A u^cv^ 
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/V'^^^ig:^f-S<5V^T. ^ ^ CO ^^D » t N 2 ( 2 »"» p. s. ) RXJ^N O- y ^fl 

■"■p. s.) oym%B§.& (Mcps) :S:tKNO-yCD5S^?S^ (kcps) tr, #ttt 
?iS^^#X<^m]t)PS (s c cm) ^m-to 

c:<^*-a■^ N2 (2°'' p.s.) (D^^mm (mc p s) mmi^:^^mxhx 
^mm^^wpi^. mm :ff 0 . 5 s c c mmM^ tirc^i-±, m^^thx\^^^m 

m:ff^:^(Dm-m-mi-i3 s c c m*-e-efe^75S, ^n&.Wftm^^ ^(D^MMH^mM 
VXh. N 2 ( 2 p. s. ) (D^^Bkm (Mcps) tt — <©#^. 0 . 7 
Mcps) {::t§fPi-§ r t t^mm Ufc. r ^LdM N O - Y (^^^«. 

ii^tt^ icmt/tmm^^mMi.. mm ^ ^x ?>mm :ff :^ <o mmMn 3 s c c m* 
^)BUT^>. No-v (om^mm (kcps) f4— cicD^-a-. 2. 2kcp 
iiT.j:i5. N2 (2"''p.s.) (Dmytm^mi^xj^N o - V (Dm^Bkmt ^m^f 

^^x^ Si mm<Dm.itm.m^ 3 5 o°c, g-f^B^^^ 1 0 m i no-^^i^^ 

^tfFffi (X P s ) ^=ff o fco 
r c»#'a-> ®m*P*>ds 0 ~ 1 . 5 s c c ni*T?f4, Jf^ ^ U M (5:) s i 

2 p lt-a-^^-/V=¥-f4 1 0 2 . 0 e V 1? — ^-^feS <D\Z.m ^ * ;^ CD ^)P 4 
1 . 5 s c c m^^;t 5 t , UfcMo S i 2 p fiiiAp L^^ 

©m^lPS;as 3. 5 s c cmtr^x.fc5at)d^e>}*, mm\^tim<D S i 

36 



wo 2005/093810 PCT/JP2005/006412 

2p ^-g-^^t^/v^-}* 1 0 3 . 2 e v^mx^mmi^f-^^^ ^ ti)^mm\^tc. 

AOijiS 0~1.5sccm (C^fS: L-/c S i 2 p ;^ /v — cD 10 2. 0 e v 

f±s M^tms i 3N3. 5 Oo. 7 <^M^3i;^./v^^-{::MS ;^ ©^;!}P4;$s^ 

S i 2p 5^-a-^^wV=¥— /5S|Sfq b$^Js?>/c=^<DM^*':^ 5 . 5 seem 

f^MfSLifc S i 2 p ^^::^:^/ly^ — (D 10 2. 0 e v m^^fbl^S i 3N 1. 2 
O4. 3®^-a-^^/V=¥-{£:^^ UTVN^So 

3fe5^^fcS-:5VNT^'fbMa SrtT 5 r i {21 J; o ^-fbMafetJ^* iJim^'fbm ^7#^-t- 
a (e: f 5 r <h -e ^ 5 , 

9 ^-i?;^ ©fgfim^|fii^#:;i^ if ©M-fb^ Z r O2. H f Og) f-^^N 

F-t°>-j^i-5o z r 02, H f 0 2-^if(^i^mh-m\^^mmy"7:^^^ 
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w ^ (D ^ m 

3 . f9iS;«C^iE3£^<Z)ffi:^;T{4, 3 OOTo r t &.±.(D mti T X ^ ^ h. ^ 

4 . HfflB±-mJEag#(DJdE;^f T«^ 3 OOTo r v ±.(D J±.ts ~f X h ^ :l b ^ 

(H. I.R.) :S:t)?/X«N2 (2"«» p.s.) ?&tt@/JS^i3 6<Jfc:tt|^-t-5iE;^TT*fe 

(H. I.R.) Rxfyxiti^ 2 (2"" p.s.) f^ikm^^^^mmi^mm't^mtirxh 

8. mm^9:^-^i-i.m^^mxmm^tb^mm^^m<Dvib. N2. (2-'' p.s. 

) . RXiXXl-i. N2 (H. I . R.) ?tttffi;iS^gH^l?fe-5 t ^ft t f 5 

9. t&iB:7"7X^-^tt, |§^^;|ff-e^$lj$ tl/S^^^feS© 5 Na ( 2 »<> p.s. 
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) . ^-ayxit. N2 (H. I . R.) ffi'14ffi;5S^iB^T'&2) ^ t Sr#m h 

^-efes r i ^#i5: t-t-5ft*cofgH^ 1 msm, msm, m6m, ^sm 
v^-f tL^^ i<imm.<DmMitm(omm:^'i&o 

i^#mt-r5if^<^^H^2:®, m4m, m7m, m9m, 

•t^^m^commm im, msm, msm, mem, msm, miom, mi2m 

15. mmmi^mm^i-i. m<t^^mK^K^^^i:\^^mmi^x^h6 :i t^i^mt 
•t^m-^<Dmmm 2 m, m a^, mvm, m9m, mi im, m i 3 mmm<Dm 

16. mm^fskmrntDrnwumi-i. 5o°ckk±, t^-^v< iti 0 o'c&.±xh^ 
tt:mmt-r^m:^<D^mmim, msm. msm, mem, ms^M, mio 

m, mi 2m, m 1 4m^^i^tv^^i^ mm <^mmi[:m(Dw^^:J7 

1 7 . mm^^mm(Dmm&&it. 5 o°c&.±, ^sl< {±1 0 o''c&.±xh?> 

^ t ^i^mtir^m^<Dmmm 2m, m^m, mim, m^m, miim, m 

^m-^^ ^x:h^ :z. h^m'^t^^m^(Dm.mm 2m, m^m, mim, m^m, 
mii^, mi s^, mi 5m, mi 7 m^^Ttbf)^\cmm<om^\:mRr:^mm^\:m 
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19. 1 p p m J; 13 'Jj^ < 0 . 2 % JJ;^T<^m*X ^^tf ^^;?f :^ (cm# 

20. lppm^T^ ^ ^ts-t.i^<\'S:i p p h skT(DmmjLyimitm^^t^Mm 
* ® ?^ ^ u T a ^ k M c 

^mm u-c# fetLS 7°7x-^ ^ $c j; (3 mm^fht^m^^tm^mmi^ 

22. Ippm^J^T. i ^if * b < a 1 P p b JJ(.T<^m^X}*M4t:% ^^tf i^M 
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[200 5^9^50 (05. 09. 2 0 0 5 ) : mimj](Dm^(Dm 

112. 7- 1 8. 2 0. 2 2RU2 Sl^miE^tltz ■itmm(Dmmii^M^^£Lo (3H)] 

^{bi^^-a tp^lg;^^ Sr^A bTmJ^SrPpJp-r 5 ^ <t i 0 # bn?) N 2 (H. I 

.R.) jtt//x«N2 (2"" p.s.) ^tta^js^iawicmm b-cvN5^7 x^$:^ 

3. mm±M.}±j5:m(Dj±tiri±. 3 0 0 T o T V SX±(D!±tiTX'h^ ^ t 
(H. I . R. ) RXiyXUN 2 ( 2 p. s. ) ?g S ^ gfi 6t) til ^ 5 JE T T' fo 

7. (MiE#) fiffB;*:mjEj£<5^(^ffi;^ T(*, $ e> (-^ * L < fi 5 0 0 ~ 8 O 0 T 

8. (MIE^) Mia;^midEi£^#(DiEE;^iTfi. ^ $f * L < 5 0 0 ~ 8 0 0 T 

9. (ME^) HuiaT'^ x-7{±. ig3fe5>t)f-eMS!J$tb5^m?Sttm«^ p *>> N2 

( 2 "<* p. s. 
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) . Rxfxxii. N2 (H.i.R.) isiimt>^Mmx'h^ z t ^!^wi.t'ri>m^ 
10. (MiE#) Hiife^7 x-7f4, m^^mx^mm^^^mmm^mcD 0 <p 

1 1. (ffiiE^) Hu|S:/7 X-r{4, |g^^tffT-mPJ$H-5^#fifti«(^ 9 ^ 

12. (ffiiE^) BfriE^7 x-7fi, mm>^i^mmf^(DMcm^m(D^>\-(D^mmmx' 
. mem. mrm. m9m. m i om^^-rni)-i:iBm.<D^mitm(omm:ijm. 

14. (ffiiE^) mmmi^mm^it. mitm^mm6^i^^^ts:f^^mmi^x^^ :l 
t ^^m.t-r?>m^(Dmmm im. msm, msm. ^em, mim, f^9m. 

15. (ffiiE^) Hiri5@^Mmft:{4, mi[:m^mm^i^^^ti:\^^mmi$^x^^ ^ 
t ^!i^m.t-t?>n^(Dmmm 2 m, m4m, mam, miim. mi3mmm(D 

16. (ffiiEt^) BUsEl^^ati<O^B?a^{4. 5 0 °c $f * b < f± 1 0 0 °c 

s^±x^?, ^ t^<^mt'r^m^(D^mm im. m^m. m^m, mem, m? 
m. m9m, miom, mi 2m. m 1 4m\^^-rti*^icmm(Dm^itm<Dm^:f^ 

fee 

17. (.miEm) mm^f>!}imm<Dmmumii. 5 cce^i. ^ l < « 1 0 or 
£i±-C'fe6 r i: t i-5it*o$5Hm 2 ^. m4m, msm, mii^. m 

1 3m, mi 5 IIV^m:^MCiEm(75g{t:)jl(Dff^j5g;^ife„ 

1 8. (MIE^) tuBEM*:^X(4, »*L<f±l p p b.Ji;lT(^)^^X{4^{bii^^ 

^t^mmmMm^^xh^ ^ t^mmt-r^mm(Dmmm 2m. m^m, mam 
, mi im. mi ^m, mi ^m. mi i m^'^'rfi*^\:LmwL(Dm.itmRnm^it 
1^ 
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1 9. 1 p pmj:'9 i^^< 0. 2%ur<Dmmxitm^t^^^t^mm:>f^{cm!^ 

Lxm hti^ y 7 x-r {c:K^S!^?r^tt$i±-c, ss^^^ai^co^Bicff^ 

20. (miEm ippmijAT. X <o I. < i-i 1 p p h sxT(D^mxiimitm 

^^t^mm:» ^i^m^^f\iMLXW^tl?>N 2 (H. I.R.) RXfXXnNz (2" 

21. 1 p p m J; <9 'fc#< 0 . 2 %J^T<^Sr^X{i^'fb«^^-^tf ^^;^f ;^ 

22. (lilEm) IppmJeiTs J; $f S L < 1 p p b mT<7)^^Xtt^{t!^ 

l-«#^PP*P LT#e>n5N2 (H. I.R.) XtJ^/XtiN 

2 (2-'p. s.) Stta^s^ifi6<]?tc:/7X-7 i^M-rS :i i: J; 13 f^^^tbfcmft: 

^ tvfc-^rc^^rrpiit^ , mu-M<DM\^mmmi^ 1 p p ^ 0 . 2% 
i-^mm t . mm^ic^ m h :f 9 :^ mmm<^ izmm ^ mm t^tm 

2 4. Hfrt5:^7 X-v- ^|g^taffi!|^tc^M $-B:5a«{4. M IE M [S] m frS TbI SJc « ^ ^ 
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